MR EmE Modern Food Science and Technology 2021, Vol.37, No.10

ETRIBFHERRE A ERNERREI P SRR
AP REREH I ERTTE G EE

Bk, T, BAH, BFEF, B
(1. B4 = oe i & BEARIRARIL, REHZ 710048)
(2. BBHARKFREEAYIEZFR, BEHHZ 710021)
O . 2 AR A) A AL 3 208 &% - W AAT-H e G M B T 0 S 0 PR R, A 12 A R B sk 25 M B LKt = 4 &3k
B8 T B TR A B BT BAT R, AT T R E2, 23 T aULBmE B LK = W Airf23E &,
R AR R B R R R AR, KRBT LM A2 &, MR T L4 & 7 AL AR E 25 4 B Rl = 4o i
kTG IFET k. EH EATRARNEET N H 0.01 pgke~0.33 ng/keg 5 0.03 pg/ke~0.59 pg/kg, ENIE A 84%~104%, HAR
SEAFAEAR £ H) 4.4%~T1%. FPTEZ a7 R A T 81 MR B KA B L F RABaRE B A LR = He)is & TS+, LI
o A A 09T BRI -IM-1-4, 2FH 032 pnghkg, SR B TIEAERE. BE, TEIILS ST RABBE YA
R W A AT R E
FEHA: BRFEIL; RRBEHYBR LR, ABHRORM E - BRI PE BT B ERA
X EES: 1673-9078(2021)10-317-325 DOI: 10.13982/j.mfst.1673-9078.2021.10.0226

Non Targeted Screening for Chloronicotinoids and Their Metabolites
in Pasteurized Milk Based on Characteristic Fragments of Mass

Spectrometry

FAN Cheng*, WANG Xin? ZOU Li', FAN Fang-fang®, JIA Wei*"
(1.Shaanxi Testing Institute of Product Quality Supervision, Xi'an 710048, China)

(2.School of Food and Biological Engineering Shaanxi University of Science and Technology, Xi'an 710021, China)

Abstract: In this study, UHPLC quadrupole-orbitrap mass spectrometry was used to collect the chromatographic information, mass
charge ratio of molecular ions and mass charge ratio of secondary fragmentation fragments of 12 kinds of chloronicotinoids and their
metabolites, the fragmentation pathway was analyzed, the standard database of chloronicotinoids and their metabolites were established,
and characteristic fragments were screened; The independent data scanning mode was used to obtain the traceable mass spectrum
information of samples, and a non targeted screening method for chloronicotinoids and their metabolites in dairy products was
established. The determination limit and the detection capacity of this method were in range of 0.01 pg/kg~0.33 pg/kg and 0.03
ng/kg~0.59 pg/kg, respectively. The recoveries were 84%~104%, and the relative standard deviations were 4.4%~7.1%. The established
method was applied to the screening of chloronicotinoids and their metabolites in 81 batches of pasteurized milk. It was found that the
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samples contained acetamiprid-metabolite-IM-1-4, which was not detected, and the content was 0.32 pg/kg. The results showed that the

method was rapid and simple, and could realize the accurate qualitative and quantitative analysis of chloronicotinoids and their

metabolites in dairy products.
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Fig.1 Peak response values of six pesticides separated by
different chromatographic columns and mobile phases (n=6)
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Fig.2 lon flow chromatogram of 12 kinds of chloronicotinoids and their metabolites
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Table 1 Standard material information for 12 kinds of nicotine chloride drugs and their metabolites

Compound Molecular formula RT/min Precursor (m/z) lonization mode Fragment 1 Fragment 2 Fragment 3
Acetamiprid (%2 RAK) CoH;;CIN, 6.4 223.07450 [M+H]" CsH,oCIN,”  181.05270 C¢HsCIN™  126.01050 CsHgN;™  110.08127
Acetamiprid-metabolite-IM-2-1 . . . .
. . CoHyCIN, 6.3 209.05885 [M+H] CoHgNy 173.08217 CgHgCIN, 167.03705 C¢HsCIN 126.01050
("= BAR-KftHh-IM-2-1)
Clothianidin (& & /&) C¢HCIN;0,S 6.1 250.01600 [M+H]" CH,CIN,S™  146.97782 CH;CINS™  131.96692 C;H,;CINS"  119.96692
Imidacloprid ( #t Rk ) CyH,,CIN;O, 6.1 256.05958 [M+H]" CoHoCIN;"  194.04795 C¢HsCIN®  126.01050 C,HN,0,"  117.04070
Imidacloprid-urea (vt R#R% ) CoH,(CIN;0 6.0 212.05852 [M+H]" CoHsCIN,O"  195.03197 CoH,(N;O0"  176.08184 C¢HsCIN®  126.01050
Acetamiprid-metabolite-6-chloronicotinic acid . N N N
. . . . CsH4CINO, 6.0 158.00033 [M+H] C¢HsCINO 142.00542 C¢H;sCIN 126.01050 CsHsCIN 114.01050
("2 RR-K 40 -6- RIBER )
Imidacloprid,5OH-Acetamiprid . . N
CoH;(CIN5O5 5.8 272.05449 [M+H] C,H(CIN,O 169.01632 CgHgCIN, 167.03705 C¢H;sCIN 126.01050
(B# ek Rok)
Thiamethoxam ("&£ ) CsH;oCIN50;S 5.6 292.02656 [M+H]" C,HoCIN;0,S"  262.01600 C¢HoN,O;"  185.06692 C4HoN,O;"  161.06692
Dinotefuran ( #k & fi& ) C;H4N40; 49 203.11387 [M+H]" CsH, N,O;" 175.08257 CsHoN,O,"  157.07200 C;HsN,O0,"  129.04070
Acetamiprid-metabolite-IM-1-2 . . . .
. . CoH3CIN,O 4.8 241.08507 [M+H] CsH;(CIN, 181.05270 CgHsCIN 126.01050 C,HgN 44.04948
("= RAR-Kft#h-IM-1-2)
Dinotefuran-metabolite-UF . . N N
L C7H14N,0O, 4.4 159.11280 [M+H] CsH;,NO 102.09134 CsHyO 85.06479 CsH,0 83.04914
(7K R - K #t4-UF )
Acetamiprid-metabolite-IM-1-4 . . N N
. . C;HyCIN, 3.5 157.05270 [M+H] CsH;sCIN 126.01050 C;HoN, 121.07602 C,HgN 44.04948
("= BAR-Rft 4 -IM-1-4 )
< 2 SIERZE A R RS RS A B
Table 2 Characteristic fragmentation of nicotine chloride drugs and their metabolites
Category Characteristic fragmentation Structural formula m/z
N o J N\ :
AAIBBAE 4 6- A -3-F R AR H 454 CO—CHZ 126.01050
N—




# 3 BRFEIAPSNERLANRERF=INEEEE. BER. RUSE, HEXRY. THEWEREZEE
Table 3 Linearity ranges, decision limit, detection capability, correlation coefficients (r?), recoveries and precision of 12 nicotine chloride drugs and their metabolites for pasteurised milk (n=6)

Added levels
Compound Ll?gf‘gr /lr(agI;ge /(Eg(;lfg) /(Eg(;fg) CCp/(ng/kg) 2CCH/(ng/kg) 4CCpAng/kg)
Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
Clothianidin (& &%) 2.0~500 0.9998 0.09 0.20 100 5.8 100 6.9 96 5.6
Thiamethoxam (& &%) 1.0~500  0.9997  0.08 0.15 103 53 96 5.8 95 6.8
Imidacloprid ( 7t &%k ) 2.0~500 0.9989 0.03 0.07 89 5.1 95 5.4 100 4.8
Acetamiprid (%€ R ) 1.0~200 0.9986 0.05 0.11 99 5.9 84 5.8 101 5.6
Imidacloprid,5SOH-Acetamiprid ( Z#2 3 rth Rk ) 1.0~200 0.9993 0.06 0.09 96 7.0 86 49 102 7.1
Dinotefuran (7% &% ) 5.0~1000  0.9982 0.15 0.25 86 5.6 100 5.5 86 5.8
Imidacloprid-urea (7t Rk % ) 2.0~1000  0.9978 0.01 0.03 103 4.9 86 6.0 89 49
Acetamiprid-metabolite-IM-1-4 (%€ R K- K #4h-IM-1-4 ) 10~1000 0.9984  0.021 0.03 92 5.4 98 6.3 102 4.8
Acetamiprid-metabolite-IM-1-2 (%€ R KK #4p-IM-1-2 ) 2.0~500 0.9996 0.05 0.13 89 6.9 99 5.2 84 5.6
Dinotefuran-metabolite-UF ( %k & fz-X#4%-UF ) 0.05~10 0.9994 0.09 0.10 93 5.1 100 5.6 86 5.7
Acetamiprid-metabolite-6-chloronicotinic acid (%2 £ BK-X 4 44-6- BB EL ) 5.0~500 0.9989  0.33 0.59 103 4.4 104 6.2 101 4.9
Acetamiprid-metabolite-IM-2-1 (%& R Bk-Kift4h-IM-2-1) 1.0~200 0.9996 0.21 0.39 101 6.8 86 6.5 89 4.8

x4 PAMERFEEESR

Table 4 Quantitative results of positive sample screening (n=6)

Sample Metabolites of chloronicotinoids

Concentration/(pug/kg)

RSD/(%, n=6)

K& B fUF o

Acetamiprid-metabolite-IM-1-4 ( %Z R AKXt 4h-IM-1-4 )

0.32
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Fig.5 Ultra performance liquid chromatography quadrupole
electrostatic field orbital ion trap mass spectrometry of
acetamiprid-metabolite-1IM-1-4
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Fig.6 Fragmentation mechanism of
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24 FEFHFBEE



MK EmBHL

Modern Food Science and Technology

2021, Vol.37, No.7

MG 1 VT 8 A 52 23 B J7 V5 DA RN 56 IE 45 R
GB/T 274172017 . BK M8 #x #E 2002/657/EC FiI
SANCO/12571/2013 AT L ZH0IE. FEHB 5
B RS, BRARASS P EARS R SR
e AR 244 S FARE =M S AR, ARk
R, & R% H B AP e S B R EE N,
LN FIT RS M 7 R AR AT R R . S okt
FEFEN. (C%) BT 43T

Cﬂ%=(1—5§-)xum%

Sm

BN

Sm——FRE MRS R, B ARATY R R E G R
YUY e

Ss——AFAE & AE, B ARSI AR 415,

45 IR B 4y S BRI R 24590 S FCAR U 7= 4
SINTEE RSZ IR USRI, o 16. 7%/ R T
R, 50%ARESFEBUENL, HRM BN hEE
SREIL UM . ERCHIVE S bRt TARROERE R, 2
FIRE b 2 AR UM BER B bR UERE 2, SRS 7
M EARAE I 2R B A IR STEAR AL, 328 17 B K BIR FE FR AR
BRSSO 53 BT (R Aff 1 R 2R A R

FIR#ER (CCo) HMZAR (CCH HEk
MRS e E FiR. CCafi KT 5T %EN, H o i®
ZMRG R, FORIEIER S BV A AT S
FESS R IIPREE, CCB IR B A=A LRI i
MEGE SRR B AR & . Il th 2%
ffiE CCa G, 75 [ IR TR 7L H S PR RS FEVR BEVR VR
AR, AT i E B S, WS B
VBRI SR, A B b R B Ak R
PEbRAE 2 2.33 f%80 CCae CCa W CCa BT
HINPEFRAERZE ) 1.64 £ CCR. CCB BUE NAHNAL
H1) CCo EIMARHEIRZENT 1.64 155 CCa HIIMF
CCa F1 CCB 43514 0.01 pgkg~0.33 pgkg 5 0.03
ng/kg~0.59 pg/kg. HEMRMEEIS FSCRIERR, 7EE AR
LI CCBy 2xCCh 4xCCp =/MNRE /KT
(1) A2 S AR =R A AR AR, 38
6 AT S8 RIS IR AR bRt s 22 PEAN N7 7 1
PIREERE, FEMAIRISELE, 18 E8RAH e
V- DU AR AT - L 3 T 5 B v 20 i ks, AT
b AE w22 5 2 45 R 5 N 4.4%~ 7.1% Fi
84%~104% (K 3), FELITIERE® AR Re 62
T B PR TR 7L P S SR 24547 B AU = Ak s
IF1) 75 75 P 5 2

2.5 SLFRAE AT

SR FH B AL) S22 10 8 vy 80 €0 - DU B AT i L3 B
TE ST P PSR 81 MK E IR FL T
SIS 2 e AR, 2% 4 B R AT 45 51,
WFFTEE TR, 81 ML EL IR T FLARA it [F 5K PR
wARME (GB 2763-2021 £ 24 B R bRE R i h R 2
RTR IR

3 g

ASSCEESL T TR e OB - DU AR AT -
BB B A 2 R B L b SRR 2449 B HLAR
U R AN E BT, 81 dd-MS2 5 vDIA
PR AT T SRR 254 S AR
PIRHE TR Fr BORAT T SRR 251 S A1)
PRHERUE P I 58 R AR AT RFE ISR I BUITIZE
SRECATIE IR G PR, &SIl T E IR
R E I BTN TR 58 S PRbf
dn AL IINE IZOT VA B R e FEkR, s
SR R AR i, TIERORL PR [RIUSCe Roks 2 R i
A2 [ ZARAE R IE T SRR 254 S AR ™
bk B e A I 5 e PERIIE

A AR

[1] Nastasescu Valentin, Mititelu Magdalena, Goumenou Marina,
et al. Heavy metal and pesticide levels in dairy products:
evaluation of human health risk [J]. Food and Chemical
Toxicology, 2020, 146(13): 111844

[2] Adeniyi K Aseperi, Rosa Busquets, Peter S Hooda, et al.
Behaviour of neonicotinoids in contrasting soils [J]. Journal
of Environmental Management, 2020, 276: 111329

[3] Nadeem Raza, Ki-Hyun Kim. Quantification techniques for
important environmental contaminants in milk and dairy
products [J]. Trends in Analytical Chemistry, 2018, 98: 79-94

[4] Gavahian Mohsen, Pallares Noelia, Al Khawli Fadila, et al.
Recent advances in the application of innovative food
processing technologies for mycotoxins and pesticide
reduction in foods [J]. Trends in Food Science & Technology,
2020, 106(prepublish): 209-218

[5] Qingyun Diao, Beibei Li, Hongxia Zhao, et al. Enhancement
of chronic bee paralysis virus levels in honeybees acute
exposed to imidacloprid: a Chinese case study [J]. Science of
the Total Environment, 2018, 630: 487-494

[6] Adesogan Adegbola T, Dahl Geoffrey E. MILK Symposium
Introduction: dairy production in developing countries [J].
Journal of Dairy Science, 2020, 103(11): 9677-9680

(R%:5E 246 T1)

325





